In this paper the assumption that critical reflection skills are acquired automatically during postgraduate study is queried by examining whether keeping a reflective journal is an aid in developing reflective habits. All course outlines in the postgraduate program studied for this paper state that students will learn how to critique issues relating to the topic being studied. The assumption is that critical reflection is a skill that is acquired automatically during the degree. Postgraduate students at this particular institution are required to complete a Research Methods course before enrolling in a thesis or dissertation. Research Methods students are encouraged but not required to keep a reflective journal. This paper reports on the effectiveness of keeping a reflective journal by analyzing results obtained over five semesters within the Research Methods course.
Introduction
The challenge addressed in this paper is the assumption that postgraduate students acquire critical reflection skills automatically during their postgraduate studies. In order to address this challenge the final test undertaken by all students in the Research Methods course over five semesters were analyzed.
The Research Methods course in the Masters in Computing degree program is undertaken as the last coursework before students enrol in individual study undertaken as a thesis or dissertation. The thesis attracts half of the credit points for the degree and the dissertation a quarter of the credit points. The Research Methods course is a compulsory prerequisite required before continuing to dissertation or thesis. Inherent in the learning outcomes established for the course is the assumption that critical reflection will be required. There are three assessment items within the course: literature review; research proposal; and reflective test. The reflective test is an ideal means of testing students' own perceptions of how their critical reflection has developed.
In this paper a series of questions are posed about the effectiveness of attempting to teach and evaluate critical reflection explicitly at the postgraduate level. Students undertaking research methods in the Masters in Computing degree program were encouraged, but not required, to keep a reflective journal during the semester. Reflective journals were not assessed or evaluated in any way and remained private and confidential to each individual student. Results of the content analysis of the final test of 110 students
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Reflection
Going Good reflective thinking encompasses a number of levels of activity. At the core of reflection is the notion of awareness of own knowledge, assumptions and past experiences. (Brookfield, 1987) describes reflection as 'the process of hunting out our assumptions and critically examining them'.
( Barnett, 1997) suggests that criticality has the following dimensions: transformational or reconstructive; an understanding of how ideas relate to various traditions; reflexivity or self-reflection; and the discipline or self-monitoring of critical thinking.
Critical reflection therefore is a multi-faceted activity that takes place internally within each person. It involves the ability to look at the self, the self in relation to others and to the world at large. Reflection embraces the ability to 'stand back from the se lf' and examine critically own thinking patterns. Critical reflection also requires an internal honesty and integrity as we examine our own thoughts and assumptions. Critical reflection is necessarily an individual activity initially.
Educators have explored the finer points of becoming a reflective practitioner in attempting to work out the best strategy to encourage students to become reflective practitioners (Atherton, 2002; Brookfield, 1987; Evans, 1997; Goatley, 1999; Hunt, 1997; Imel, 1992; Schon, 1987) .
Critical Reflection in Postgraduate Study
Course requirements at the postgraduate level require students to become 'critically reflective' -therefore critical reflection is essential for the successful completion of this particular postgraduate degree in computing. Without critical reflection it appears difficult for students to interpret research findings gained from analysing research data gathered, reading and reflecting on pertinent literature, and self-reflection of their role as researcher in the process of research.
Critical Reflection in this Postgraduate Program
Learning Outcomes (LO) for the research methods paper are to: Critical reflection is an underlying skill required for all learning outcomes, but most particularly for selecting analyzing, critiquing and synthesizing (LO2).
Literature Review
A common feature of higher education learning support centers is a series of helpful hints on how to keep a reflective journal. For instance, on the University of Technology Sydney's learning centre website hints given are: recording events and results and reactions to these; data upon which to base reflective discussion; opportunities to challenge the self; impetus to take informed action; and a means of developing a personal philosophy. This is a diverse range of reflective abilities according to the 5-stage reflective model (Bain, Packer, & Mills, 1999) represented in Table 1 . Brookfield (1987) suggests that the core properties of critical thinking are: to identify and challenge assumptions, and to imagine and explore alternatives. He also suggests that the processes of critical thinking are: person specific -people vary greatly according to personality, culture and gender; dependent on emotions -emotional releases are central to challenging assumptions -both intrinsic and extrinsic; unexpected or insightful (and this may happen long after the period of instruction); and that peer support is crucial for critical thinking skills to mature. Brookfield also believes that there is no standard model for facilitating the development of critical thinking and that diversity of methods and material is required. He states that it is important to learn to accept imperfections of self and others in developing critical thinking. He also believes that critical thinking often only happens after a period of frustration and struggle.
Evans (997) states that 'reflective practice' offers a highly challenging paradigm of learning. He suggests that learning to derive abstract generalizations from specific practices, events or thoughts is inductive learning; which is diametrically opposed to the dominant paradigm of deductive learning. Hunt (1997) describes the 'felt reality' of 'doing reflective practice'. A most insightful comment from Hunt is: '…often, though, I realize that I am the only person who already holds the key to understand why I have initially interpreted and reacted to a situation in my professional practice in a particular way -but in order to find it I will have to look into the shadows of my own mind." Hunt believes that we must be willing to cross and re-cross consciously the borders in our minds between the light of what is already known and the shadows where ideas, thoughts and connections lie hidden or at best, only dimly perceived. Such crossing and re-crossing involves changing perspectives of the self and the relationship of the self to the outer world.
Re-crossing mind borders is often a painful and messy business easily lost in busy lives. Most postgraduate students belong to one of the following groups: part-time, mature and balancing family, work and study; or full-time and studying in English as a second language away from family and own culture. In both cases their lives invariably have conflicting demands on time and intellect. In both cases there is considerable self-discipline required to form the habit of keeping a reflective journal.
A major dilemma is that the final product of this reflective practice for the Masters in Computing is a dissertation or thesis. Such documents are required to be written in an academic language that is highly stylized and uses English in a unique manner that is formalized and rigidly expressed, whereas reflective writing tends to be subjective, informal and expressed creatively.
Hunt also suggests that encouraging students to become reflective practitioners is about 'holding the learning space' from which they start on their personal reflective journeys. She also suggests that giving feedback on reflective practice should be sensitive to the intensely personal journey of each individual student. Teaching students to become reflective practitioners is also about keeping organizational boundaries and maintaining a home base. There is a dilemma here -organizational writing and writing styles is about as far from critical reflection writing as you can possibly get. (Imel, 1992) suggests that reflective practice is a mode that integrates or links thought and action with reflection. Bain et al. (1999) suggest that there are 5 levels of reflection (Table 1) . Reporting, at level 1 is description, reporting or re-telling of events with no added observations or insights. Level 2 described by Bain et al as 'responding' is the reporting of emotion and judgment without comment made with little transformation of conceptualization. Level 3 or relating, is described by Bain et al as demonstration of the ability to relate items recorded to personal experience, an understanding of relationships between concepts, identification of own strengths or mistakes and knowing that something needs to be changed. Level 4 or reasoning, is attained when data integration into appropriate relationships theoretical concepts, personal experience, high level of transformation and conceptualisation is evident in reflective practices. Students seek a deep understanding of why something has happened, explore or analyze a concept, event or experience, asks questions and look for answers, consider alternatives, or speculate or hypothesize about why something is happening. Explanations of own or others' behaviour or feelings are sought at level 4 based on own insight, inferences, experiences or previous learning. It is at level 4 that the relationship between theory and practice is explored in some depth. Level 5 or reconstructing, is reached when there are displays of high level abstract thinking, generalizations and/or application to learning. Original conclusions are drawn from own reflections, generalizations from experience, extraction of general principles, formulation of personal theory are evident in students' reflective practice. Students extract and internalize the personal significance of learning and/or plan further learning on the basis of reflections. Student seeks a deep understanding of why something has happened.
Student explores or analyses a concept, event or experience, asks questions and looks for answers, considers alternatives, speculates or hypothesises about why something is happening.
Student attempts to explain own or others' behaviour or feelings using own insight, inferences, experiences or previous learning, with some depth of understanding Student explores the relationship between theory and practice in some depth.
Reconstructing
Student displays high level of abstract thinking to generalize and/or apply learning.
Student draws an original conclusion from their reflections, generalizes from their experience, extracts general principles, formulates a personal theory of teaching or takes a position on an issue.
Student extracts and internalises the personal significance of their learning and/or plans their own further learning on the basis of their reflections.
Common tools utilized for teaching critical reflection include a reflective journal (Goatley, 1999; Hunt, 1997; Imel, 1998; Schon, 1987; Stein, 2000) , the use of dialogue in small groups (Boys, 1999; Brookfield, 1987) , practice-based assignments (Boud, Keogh, & Walker, 1995; Evans, 1997) and learning as narrative process (Umphrey, 2004) . It is only the skills acquired during the process of keeping a reflective journal that are considered in this paper.
Research Questions
In attempting to understand how postgraduate students become critical practitioners the following research questions were posed: − Can Critical Reflection be taught?
− If Critical Reflection can be taught how can it be evaluated?
− Is a reflective journal an appropriate tool to reinforce critical reflection skills for postgraduate students? − Is a reflective test an effective way of evaluating critical reflection for postgraduate students?
Research Method
Having taught this paper for five semesters and observed how difficult it is for students to develop critical reflection skills, I decided to analyze the reflective tests from the end of each semester. Even although the course is delivered inductively and reflectively emphasizing underlying philosophical approaches to research in computing it did not appear that critical reflection was skill that could be taught inductively or by example. Each semester the students took part in a reflective test. An example question is shown in Figure 1 . Whilst there were no direct questions on keeping a reflective journal, each test had questions that required the student to consider what it meant to keep a reflective journal. Hence, content analysis was applied to the tests accumulated over 5 semesters to extract the responses that related to issues involving research journals. All students who have undertaken the research methods paper in this particular postgraduate degree were encouraged to keep a reflective journal and all students were evaluated with a reflective test at the end of each semester. A bank of reflective questions has been developed for these tests and each semester the questions are changed. Direct questions on critical reflection are not askedrather the questions are designed so that students can demonstrate their reflective abilities. For instance in analyzing the question shown in Figure 1 one student described the way in which keeping a journal had helped them to monitor and control research activities. Another student stated that keeping a reflective journal helped to "meet deadlines and to monitor research progress".
Data Collection
110 reflective tests over five semesters were analyzed to find out whether the students believed that critical reflection was a core research skill and whether they stated and commented on keeping a research journal.
Data Analysis
43/110 students stated explicitly that they believed it was important to keep a critical reflection journal ( Table 2) . 28 of these 43 students reported in the test that they had formed the habit of keeping a journal. 3 students stated that they were forming the habit, one had 'started' to keep a journal and 8 had not kept a journal -although they reported that 'keeping a journal is a good idea'. 
Figure 1: A Test Question
According to Bain et al. (1999) 5 point reflection level scale (Table 2) those students who did not keep a journal -but knew it was a 'good idea' had not even reached level 1 -reporting -on this scale. From this particular sample 30/ 110 students achieved some level of reflection once the habit was formed. Being aware that it is a good idea to keep a journal -but not doing it is not conducive to developing critical reflection skills. 6/43 students were in this category. 67/110 however did not even report that keeping a journal was important. Most high achievers in research methods reported that keeping a journal was important to develop critical reflection skills. There are anomalies in this sample -1 student who achieved level 5 (reconstruction) who did not keep a journal -but who had kept research notes; and 1 student who had not formed the journal habit and also achieved level 5 on Bain et al's scale.
Does the Reflective Test Evaluate Critical Reflection Skills Effectively?
According to feedback from students, they believe that keeping a critical reflection journal certainly helped them to: − Pass the Research Methods reflective test;
− Equipped them with appropriate critical thinking skills to complete a thesis or dissertation;
− Helped them to acquire life-long learning skills;
Students believe that they could not have completed the test successfully if they had not kept a journal.
Students who did not heed the advice to keep a reflective journal said that it affected their marks in the test. More importantly, these students did not acquire critical reflection skills.
Because journal-keeping was a voluntary activity and not assessable it is unlikely that responses given in the test were 'for marks only'. It is much more likely that what was reported did indeed take place. Observation during the semester with class sizes that ranged from 10 to 34 it was possible to gauge how students were developing their critical reflection.
Emergent Results
Besides demonstrating the vital role of keeping a reflective journal, this research has shown that a reflective test can provide the opportunity for students to debrief during this final test. Students wrote in the test that they appreciated the opportunity to 'write things down and to say what was really important to me'. Not only did the test provide a time and a place to debrief, it also provided an opportunity to demonstrate the level of critical reflection achieved as perceived by the students.
The test viewed as a debriefing device provided the students with the opportunity to complete the learning process in the same semester. Many times a test leaves students with a sense of incompletion, that the process stopped midway, and that the students still needed to talk about what had happened. None of the literature reviewed employed the research methods utilized in this case study. None of the esteemed educators exploring the issues surrounding the acquisition of critically reflective skills performed content analysis on a reflective test. Therefore it is difficult to compare the results gained in this study with prior research results.
I am still no clearer about whether critical reflection can be taught. I think that clear boundaries and environment setting are more important than 'teaching'. (Stein, 2000) also believes 'how to teach different levels of critical reflection 'is still in need of additional research'. Stein also suggests that the effectiveness of commonly employed methods to teach critical reflection like journal-keeping is unclear.
My Reflections on Analyzing the Tests
When I reflected on the research questions posed: − Can Critical Reflection be taught?
− Is a reflective journal an appropriate tool to reinforce critical reflection skills for postgraduate students? − Is a reflective test an effective way of evaluating critical reflection for postgraduate students? I realized that I had not answered these questions directly by analyzing the students' reflective tests. I still do not know whether the reflective test is an appropriate evaluation tool. What I do know is that it gave the students an opportunity to debrief a semester's learning, development and skills acquired. Because 61% of the students did not include responses relating to keeping a journal I cannot answer this question. I am still not sure whether critical reflection can be taught. For the majority of students who did acquire the habit of keeping a research journal they did achieve a score on Bain et al's scale (1999) . For those who did not report anything about journal keeping, their tests did not convey any level of critical reflection from this content analysis. It does not appear from this particular sample that critical reflection is gained by students in a class where critical reflection is demonstrated and role-modeled. My intuition suggested that this would be the case. 'Holding the boundaries ' Hunt's (1997) was certainly practiced in this paper. Because it was not stated it was not in the students' conscious awareness and therefore not something that could be addressed in a test whether it was reflective or not.
My expectations before I analyzed the tests were that most of the students would have developed critical reflection skills by the time they sat the final test. What actually happened was quite different. Only 28% reported any level of reflection and only 3% achieved level 5 (reconstruction).
It appears therefore from this sample of 110 postgraduate students that learning to keep a critical reflection journal is not an automatic skill that can be acquired over one semester. One student reported (a year after completing research methods) that she only started to keep a journal when she really needed it -when she was doing her thesis.
It seems important to recognize that to acquire critical reflection in research is a skill that matures as the researcher gains competence, experience and maturity. Even although I still do not know whether critical reflection can be taught, it seems to be important that acquiring critical reflection skills develops and matures with time and practice. Keeping a reflective journal starts the practice. Introducing critical reflection is important in the research methods course. It is however important to realize that students acquire critical reflection in their own time. There appears to be a link between keeping a critical journal regularly and developing critical reflection as a skill. Those students who did not keep a journal (67%) did not achieve a reflection score on Bain et al's (1999) scale.
Initially this was a disappointing result, especially when critical reflection skills had been taught and reinforced in both assignment work and the final test. The subsequent realization is that critical reflection cannot be taught in one 'hit'. This cohort of students was developing critical reflection skills at their own pace as indicated in Table 2 .
Implications
It seems to me that as a postgraduate educator I know very little about how to encourage students to develop their own critical reflection skills and practice. I can encourage, role-model, demonstrate, provide exercises, give feedback and test whether students can show they know what criti-cal reflection is. But because the development of critical reflection is such an individual and personalized skill and practice, I do not know what is going on inside in each student's head. It seems to me that the best I can do is to know more about how I interact with students as they develop individually on their reflective journey; to know when to encourage and when to stand back; when to allow students to falter and when to direct a course of action. The relationship between critical reflection skills and rationality required in the rest of the research process is something that requires further examination. Hunt (1997) and Stein (2000) are in agreement that we venture in murky grounds when we explore the domain between critical reflection and rationality. Some authors (Hunt, 1997; Imel, 1998; Stein, 2000) also believe that the journey to becoming critical reflective is one that ventures onto paths that neither educator or student may ever have been before. For some, this journey can be traumatic.
Contrary to the external monitors' suggestions (Unitec Masters in Computing program monitor's report, 2002) that the reflective test was not an appropriate evaluation tool for a research methods paper, my experience over 5 semesters has demonstrated effectiveness well. The unexpected outcome that the test was also a debriefing device provided a sense of completion to the learning process for the students involved. Concentrating on elements of the research process rather than mechanistic research skills has encouraged and reinforced students' critical reflection skills to progress up the reflection skill ladder (Bain et al., 1999) .
Conclusion
Keeping a reflective journal appears to be an essential element for most students in this sample as they become postgraduate researchers. If students keep a reflective journal then they will start on their individual journey towards becoming a researcher. If they do not keep a reflective journal it is highly unlikely that critical reflection skills will develop automatically. It seems such a simple and logical solution to improving pass rates at the postgraduate level -but it is not. Critical reflection skills are individual, emotionally-charged, and highly personal. It requires gentle but firm direction to transform personal reflection into academic outputs. Most of us stumble when we are required to be gentle but firm with our students.
